Two new V V complexes with the bromo-substituted hydrazones N'- (3-bromo-
Introduction
Hydrazones and their complexes have received much interest because of their excellent biological applications in antibacterial, 1 antifungal, 2 as well as antitumor. 3 The compounds with electron-withdrawing groups have been proved to possess increased antimicrobial activity. 4 Recently, a series of chloro, fluoro, iodo-and bromo-substituted compounds have been assayed for their remarkable antimicrobial activity. 5 Schiff base vanadium complexes have distinguish antibacterial activity. 6 In pursuit of new antimicrobial material, we report herein two new bromo-substituted hydrazone compounds N'-(3-bromo-2-hydroxybenzylidene)-3-hydroxy-4-methoxyben-zohydrazide (H 2 L 1 ), N'-(3-bromo-2-hydroxybenzylidene)-3,5-dimethoxybenzohydrazide (H 2 L 2 ), and their vanadium(V) complexes, [VOL 1 (OCH 3 )(CH 3 OH)] (1) and [VOL 2 (OCH 3 )(CH 3 OH)] (2), and studied their antimicrobial activities.
Experimental

1. Materials and Methods
3-Bromosalicylaldehyde, 3-hydroxy-4-methoxybenzohydrazide, 3,5-dimethoxybenzohydrazide and VO(acac) 2 were obtained from Sigma-Aldrich. The remaining reagents with AR grade were obtained from Xiya Chemi- 
Synthesis of the Hydrazones
To the MeOH solution (30 mL) of 3-bromosalicylaldehyde (0.01 mol, 2.01 g) a MeOH solution (20 mL) of 3-hydroxy-4-methoxybenzohydrazide (0.01 mol, 1.82 g) or 3,5-dimethoxybenzohydrazide (0.01 mol, 1.96 g) was added drop wise. The solution was stirred at room temperature for 30 min, and filtered. The filtrate was evaporated to give colorless crystalline product, which were re-crystallized from MeOH and dried at reduced pressure above anhydrous CaCl 2 .
For H 2 L 1 : Yield 94%. Anal. Calc. for C 15 H 13 BrN 2 O 4 : C, 49.3; H, 3.6; N, 7.7. Found: C, 49.5; H, 3.7; N, 7 11.27 (s, 1H, NH), 8.63 (s, 1H, CH=N), 7.63 (d, 1H, ArH), 3H, ArH), 7.13 (d, 1H, ArH) (d, 1H, ArH), 7.45 (d, 1H , ArH), 6.92 (t, 1H, ArH), 6.71 (s, 1H, ArH), 6.45 (d, 2H, ArH) , 3.84 (s, 6H, OCH 3 ).
3. Synthesis of the Complexes
The MeOH solution (10 mL) of hydrazones (0.10 mmol each) was reacted with the MeOH solution (10 mL) of VO(acac) 2 (0.10 mmol, 26.5 mg). The solution was stirred and refluxed for 1 h, and cooled to room temperature. Brown single crystals were generated upon slowly evaporation within 6 days. The crystals were washed with MeOH and dried at reduced pressure above anhydrous CaCl 2 .
For 1 
4. X-ray Crystallography
Single crystal X-ray determination was performed on a Bruker APEX II CCD area diffractometer with Mo Kα radiation at 0.71073 Å. The data were reduced with the program SAINT, 8 and corrected by multi-scan using the program SADABS. 9 The vanadium complexes were solved readily by direct method. The complexes were refined by the full-matrix least-squares method against F 2 using the program SHELXTL. 10 The non-H atoms were anisotropically refined. The H atoms of the methanol molecules were assigned from the difference Fourier maps, and isotropically refined with d O-H restrained to 0.85(1) Å. The other H atoms were in calculated geometrical positions. The crystallographic data and refinement parameters are summarized in Table 1 .
5. Antimicrobial Study
The activities against B. subtilis, S. aureus, E. coli, and P. fluorescence of the compounds were assayed with MH (Mueller-Hinton) medium. The activities against C. albicans and A. niger of the compounds were assayed with RPMI-1640 medium. The dye MTT was used in the determination of the MIC values by a colorimetric method. 11 A specified quantity of the medium with the tested compound was poured into micro-titration plates. Suspension of the microorganism containing 1.0 × 10 5 cfu mL -1 was applied to micro-titration plates with the compounds in DMSO to be tested and incubated at 37 °C for 24 h and 48 h for bacteria and fungi, respectively. The MIC values were visually determined on each of the microtitration plates, Phosphate buffered saline (50 μL, 0.01 mol L -1 , pH = 7.4) containing 2 mg of MTT · mL -1 was poured into the well. Incubation was continued for 4-5 h at room temperature. The content of the well was removed and isopropanol (100 μL) containing 5% 1 mol L -1 HCl was added to extract the dye. The optical density was determied with a micro-plate reader at 550 nm after 12 h of incubation at room temperature.
Results and Discussion
1. Chemistry
The hydrazones H 2 L 1 and H 2 L 2 were synthesized by the reaction of 3-bromosalicylaldehyde and 3-hydroxy-4-methoxybenzohydrazide and 3,5-dimethoxybenzohydrazide, respectively in ethanol. The vanadium complexes were synthesized by the reaction of the hydrazones H 2 L 1 and H 2 L 2 with VO(acac) 2 in MeOH followed by re-crystallization. Elemental analyses (C, H, N) of the complexes are in accordance with the results of single-crystal X-ray analysis.
2. Spectroscopic Studies
In the spectra of the compounds, the broad and weak absorptions at 3400-3500 cm -1 can be attributed to the ν(O-H). The sharp and weak bands of H 2 L located at ca. 3195 cm -1 can be attributed to the ν(N-H). The strong absorption at 1643 cm -1 of H 2 L are generated by ν(C=O), whereas the typical bands at 1612 cm -1 are the ν(C=N). The absence of the ν(C=O) and ν(N-H) in the spectra of the complexes, suggests that the hydrazone ligands are enolized during the coordination. The intense bands at 1602 cm -1 of the complexes are due to the ν(C=N). The characteristic ν(V=O) at 955 cm -1 for the complexes can be obviously identified. 12 The bands in the UV-Vis spectra of the compounds at 320-340 nm are attributed to the intra-ligand π→π* absorption. The lowest energy transition bands of the complexes are located at 400 nm, which can be attributed to LMCT transition. The LMCT and to some extent π→π* bands observed at 275 nm for complexes 1 and 2 are attributed to the O donor atoms bound to V atoms. 12 The 1 H NMR spectra of the free hydrazones H 2 L 1 and H 2 L 2 exhibit OH (phenolic) resonances at 12.76 and 12.30 ppm, and 12.65 ppm, respectively. Signals for one CH proton at 8.63 ppm, and one NH proton at 11.27 ppm for H 2 L 1 , and signals for one CH=N proton at 8.63 ppm, and one NH proton at 11.33 ppm for H 2 L 2 . Signals for aromatic protons are found in the 7.63-6.45 ppm range. Signals for methoxy protons are found at about 3.84-3.85 ppm. The 1 H NMR spectrum of complex 1 exhibits two sets of proton signals at 12.71 and 12.20 ppm, and that of complex 2 exhibits one proton signal at 12.56 ppm. There are no NH signals observed, indicating the coordination of the hydrazones through enolate form. The aromatic protons appear in the range 9.39-6.70 ppm. In addition, there exhibits bands at 3.33-3.38 ppm due to the coordinated methoxide and methanol ligands. The CH=N proton signals are observed at 8.56 ppm for 1 and 8.59 ppm for 2.
Structure Description of H 2 L 1
The molecular structure of H 2 L 1 is depicted in Figure  1 . The compound adopts E configuration about the CH=N unit. The methylidene bond C7-N1 (1.281(5) Å) is within typical double bond. The distance of C8-N2 bond (1.356(4) Å) is shorter, and the distance of C8-O2 bond (1.230(4) Å) is longer than usual, suggests the conjugation effects in the hydrazone molecule. The bond values are within normal ranges. 4a 
4. Structure Description of the Vanadium Complexes
The molecular structures of the vanadium complexes are depicted in Figures 3 and 4 , respectively. Selected bond lengths and angles are listed in Table 2 . The V atoms are in distorted octahedral geometry with the hydrazone ligand coordinated in a meridional fashion. The hydrazones form five-and six-membered chelate rings with the V atoms. The chelate angles are 74.0-74.2° and 82.8-83.5°, respectively, which are not uncommon for this type of ligand systems. 13 The hydrazone ligand lies in a plane with one hydroxylato ligand which lies trans to the hydrazone imino N atom. One O atom of the MeOH ligand trans to the oxido group completes the octahedral geometry at rather elongated distances of 2.40-2.44 Å. The displacements of the V atoms from the planes defined by the four equatorial donors toward the apical oxido atoms are 0.32-0.33Å. The hydrazones coordinate in their doubly deprotonated enolate form which is consistent with the observed O2-C8 and N2-C8 bond lengths of about 1.29-1.32 Å. This agrees with reported metal complexes containing the enolate form of this ligand type. 14 In the crystal structure of complex 1, the molecules are linked by intermolecular hydrogen bonds (Table 3) , leading to the formation of 3D network ( Figure 5 ). In the crystal structure of complex 2, the molecules are linked by hydrogen bonds (Table 3) , leading to the formation of dimers ( Figure 6 ). 
5. Antimicrobial Activity
The free hydrazones and the complexes were assayed for antibacterial activities against two Gram (+) bacterial strains (B. subtilis and S. aureus) and two Gram (-) bacterial strains (E. coli and P. fluorescence) by MTT method. The MIC (minimum inhibitory concentration, μg mL -1 ) values are given in Table 4 . Penicillin G was assayed as the reference drug. Both the free hydrazones show medium activity against B. subtilis and S. aureus, weak activity against P. fluorescence, and no activity against E. coli. The two vanadium(V) complexes in this work have superior activity against the bacteria than the free hydrazones. The complexes have excellent activity against B. subtilis, S. aureus and E. coli which are comparable to Penicillin G. Complex 1 has no activity against P. fluoresence, while complex 2 has weak activity. Both complexes have no activity on the fungal strains Aspergillus niger and Candida albicans. (11) O5-V1-O1 99.01 (9) 99.96 (10) O7-V1-O1 98.66 (7) 99.68 (9) O5-V1-O2 100.53 (8) 97.85 (10) O7-V1-O2 97.74 (7) 96.05 (9) O1-V1-O2 151.03 (7) 152.61 (9) O5-V1-N1 96.04 (8) 96.01 (10) O7-V1-N1 160.86 (7) 159.01 (9) O1-V1-N1 82.88 (7) 83.45 (8) O2-V1-N1 74.00(6) 74.12 (8) O5-V1-O6 177.35 (8) 174.54 (9) O7-V1-O6 80.15 (7) 80.79 (8) O1-V1-O6 80.48 (7) 82.00 (8) O2-V1-O6 79.01 (6) 78.55 (8) N1-V1-O6 81.32(6) 79.10 (7) Table 3. Hydrogen bond values for the compounds (4) Symmetry codes: (i) 1 -x, 1 -y, 1 -z; (ii) x, ½ -y, ½ + z; (iii) x, 1 + y, z; (iv) x, -1 + y, z; (v) 1 -x, 1 -y, -z. 
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Supplementary Data
CCDC 1913947 (H 2 L 1 ), 1913948 (1) and 1913949 (2) contain the supplementary crystallographic data for the compounds. The data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12
